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» Python Low-Level APl: =+ 4 B 2F =Y 7 ¢l python low-level interface® communicatorE £ + 4 E ZHIF B4
= External Communicator: Learning environment®| Z &5 H learning environmentif python low-level APIS S 8
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» Gym Wrapper. Learning environmentS OpenAl Gym S EHE &1 4&
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= Baseline Deep Reinforcement Learning Algorithms

»  Proximal Policy Optimization (https://openai.com/blog/openai-baselines-ppo/)

» Soft Actor-Critic (https://bair.berkeley.edu/blog/2018/12/14/sac/)

= Curiosity for Sparse-reward Environments

» Curiosity-driven Exploration by Self-supervised Prediction (https://pathak22.qithub.io/noreward-rl/)

= |mitation Learning

= Behavioral Cloning

»  GAIL: Generative Adversarial Imitation Learning (https://arxiv.org/abs/1606.03476)
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= Curiosity for Sparse-reward Environments

Curiosity-driven Exploration by Self-supervised Prediction (https://pathak22.qgithub.io/noreward-rl/)
HArZ STEA] B el HATE B (Sparse reward HH)ZE E HiF d02 5

RS AN T 2% 281 -> Exploration& Exploitation

Exploration: Al e | ET} tfofat HE 2 3 £ S |EE 312 HAN (ex. Random exploration)
Exploitation: | ME &S HZE =2 BN (ex. Greedy method)
Aol e AT AL Chofth WS S F Hron
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= Curiosity for Sparse-reward Environments
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3MA HEHA 2 AFL: Feature, Forward Model, Inverse Model

i
Feature -> AFEf AN featureE &° 1
Forward model -> ® A AFEf 2 featureif actions &£ Hf& ICM _
AFER 2 feature S IS .
Inverse model -> ® Al AFEf 2| featureit &3 AFEH 2] feature& Sy b St+1
£ actionZ =7 \ /.
Forward model< £ & & k2 AFEf 2] featuredf A A @\ : /@ @
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=  Behavioral Cloning

= Generative Adversarial Imitation Learning
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= Environment Parameter Raondomization
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Version 1.0.0

Name

% Favorites F C ML Agents

C unity.ml-agents

Package Description

nt character
m, etc.)
Release Details

1.0.0-preview (Cur
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Author etBrair
Unity Technol

Links

Platforms Linux
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= NVIDIA PhysX 4.0 ° |23 robot simulation2] & 2| EJ 2 $FAFAIH S (Unity 2019.3)

= Unity 2020.1°1 Nvidia PhysX 4,1% °|-&%F= Al 2+ articulation joint system M -& -> 2 2 IZF 0k continuous joint2] A
== 3 EFATALY

= Demo github: https://github.com/Unity-Technologies/articulations-robot-demo/tree/mlagents

»  Unity 2020.1 (beta)
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{>» Code lssues 109 Pull requests 21 Actions Projects 0 security 0 nsights

Unity Machine Learning Agents Toolkit https://unity3d.ai
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https://www.facebook.com/groups/ReinforcementlLearningKR/?ref=bookmarks

~ Reinforcement Learning Korea ~
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m Simulator

& unity Asset Store

Assets v Tools v Services v By Unity v Industries v

Z > 3D > Environments > Urban > Simple Town - Cartoon Assets

20174 52 2320f| 2 HFE FoOfRSLICH [ —
Please rate and review this asset. Your honest review and rating will help other users who are deciding whether they should get this asset. S

Simple Town - Cartoon Assets

@ synty Studios *kkk* 5|06 Reviews
HE/27Hes BRA $SBUD

@ License: Single Entity v
o Refunds - We've got you covered v

FUE0A 27]

s I M p LE Tow N this my first asset i buy in unity store

MOBILE READY ASS ET179 after buy this asset, i buy the city package, and i want buy

more this asset

< bagus sekali assetnya. Ntap
Read more reviews

SQUAREGLORY
*hkkkk SHEH

< Vehicle Simulator

Longitudinal Velocity Rang
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» Simulator (Observations)
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Front Camera o
Grayscale image is measured L
Lidar Sensor Eool |

Coverage “tof ‘

One ray is measured per 1° i B L

Total 360 rays ' -

10 20
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» Simulator (Actions)
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» Simulator (Reward)

v, max

1

Umazx 80km/h
Umnin 40km/h
collision -10
- 0,05
Tovertake 0.5

U — Umin
Ty (U) - Tvmax ( 1 )

29 T .
U max v man

—Teollision  1f host vehicle colides
Tcol = . (2)
0 otherwise

—Tlanechange 1f host vehicle changes lane
Tle = . (3)
0 otherwise

Tovertake 1t host vehicle overtake other vehicle
Tovertake

0 otherwise

4)

T’tot(v) - 7U( ) + Teol + Tl + Tovertake (5)

A h

Tror (V2) = 1, (v2) + 7
t=t - ,,,,,,,,,,,,,,,,,,,,,,,,,,, =05-025

v, = 60(kph) =025
Change lgne ~~ T

Tiot (V3) = 1,(v3)
R e e =075
- v; = 70(kph)

Incredase vehicle speed ~TT T T

Teot (V4) = 1, (Va) + Tovercake

iy e S S =0.75+0.5

Overtake slow vehicle ~~~77"""7=-777=-==7====="
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m Network Architecture
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Choose
Actions
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» Pythoni} Unity 2] &2

Camera Image
Sensor Data

Reward
Terminal Corpte — —
> £] H| /e 5
Em
=8 B/e i L=
o] Hl\ e 4k -
=
“ 8 @ e
ma
- I 1 1 . —
| Action
@ Vehicle Simulator P ka3 N iy [T
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» Unitydf Python2d £ 4|
= Socket £l oL HYAIN BT B2 U HI ohp EA
e Sl U I e B 28 Ly
HY A RS HEES U B BYCl Ta

EAl TP =5 2H

Uany-?—I- PyThOﬂ _I:|_E ?_I- /é%_cl;l ﬁ_|\_5 7‘(|_o| _E_K_”

= 12 ME U ENMss HE S =Y
- A 22 o 70% Y=

= Github®ll BiZ =7
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= Unity ML-Agents & Al (2017.09.19)
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Unity ML-Agents Challenge

ML-Agents Challenge |
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Unity ML-Agents Challenge
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Vehiéle Environment Static Environment

© YOO|E AIZE6E H  Made with unity
@ 28K | # 6| ®1

ML-Agents Challenge |
B E « Creative Application Award
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Unity ML-Agents Challenge
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2018 |IEEE IV Conference

Q Vehicle Simulator Unity ML-agents
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Speed Lane Change Overtake

- Average Speed /5 Episodes of DRL algorithms 10 Average Lane Change / 5 Episodes of DRL algorithms 5 Average Overtake / 5 Episodes of DRL algorithms
f Multi Input
= = = |mage
74 120 : Serznr 40 ~ ]
72 \ LA ¥
' & 35 1
70 & 100 £
E 68 (ﬂé 80 ”‘ﬂl\!\\f\_ LE 25
3 = 5
gm o 6 ) gzo ,
Multi Input E 5 15 i
60 % Z 10
20 ulti Inpu
58 hY 5 -- -P;LEI;.L -
Sensor
56 0 0
0 2 4 ] 8 10 12 0 2 4 ] 8 10 12 0 2 4 6 8 10 12
step «10° step x 108 step x10°
Input Configuration Average Speed (km/h) # of Average Lane Change # of Average Overtaking
Camera Only 71.0776 15 35.2667
LIDAR Only 71.3758 14,2667 38.0667
Multi-Input 75.0212 19.4 44.8
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Lurrent Lane:

3 B
Distance: 37.8 2660
‘ >
Rewald 1

Current Spee 06
||

Front Warning

Left ning:
Right Warning
o=

F'I!;nt of:

Num oyartake: (
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2018 IEEE Intelligent Vehicles Symposium (IV)
Changshu, Suzhou, China, June 26-30, 2018

Deep Q Learning Based High Level Driving Policy Determination
Kyushik Min, Hayoung Kim and Kunsoo Huh, Member, IEEE

https://ieeexplore.ieee.org/abstract/document/8500645
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= |[EEE T-IV
= w0 A HENU HT
= U UM FAT IS s o HE 4 L
« JUNU FEE S O e e 2ArA UE e L= Al

Same State
b % Scalar value
Same Action
| |
|
| |
|
[ |
| |
N Different -
2 Result
General RL

84
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= Distributional RL
» OjEfe &2 B4 BEAf 32 HE 222 A5
n HENU HHAN H F NS

Value distribution 0.35 1

Distributional RL s o 5 ; :
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m Network Architecture

= Distributional RL & Z& & #tLEe | QR-DQN AF-L-

Supports of all uniform TABLE II
action-value disfributions HYPERPARAMETERS OF DRIVING POLICY NETWORK

Data Type Actuation Hyperparameters

patch size = (8x8)

Convolution ReLU stride = 4

# of filters = 32

patch size = (4x4)

Camera data | Convolution ReLU stride = 2
Concatenate # Of ﬁlterS = 64

yd N\ patch size = (3x3)

Convolution ReLU stride = 1

# of filters = 64

time steps = 4

= T Sensor data | LSTM # of cell states = 256
ﬂ | i Concatenated Fully

data Connected ReL.U # of units = 512

Fully Connected

II
»
I I ’
’
.
2

Camera Image Sensor data

86
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= Simulation & ™

(o]

» Distributional RL2 FelA HZZ= HEEA P AN Lol Z=TF

» AN e | = Al d=d+a*Random.Range(—d, d) (a: noise weight)
e Fdn8E HeZ a5y mor A e[ mef o F=af
Dr'iverkamerq \t%

Current Lane:

Dlstan”m

Cprrent Lane:
D'éstance 697.
Reward : 0.15

Current Spee

Front Warnin
Left Warning:

nfﬁéht Warning:

Front Distanc

Left Warning:
| Right Warnin

‘Erom Distance: 3

Num overtake: 1 Num overtake:
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m Result
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Lane Change
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Average Lanechange of 3 inferences
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= = = DOMN(Multi-input)

= DDDQN(Multi-input)
QR-DAN(Multi-input)

memem OR-DON(IMmage)
QR-DAN(LIDAR)

HE AE, 2UA ALY HY A

A=Y

74

72

& 8 3

speed [km/h]

2

62
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58

I

s

s

Average Speed of 3 inferences
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-
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416 IEEE TRANSACTIONS ON INTELLIGENT VEHICLES, VOL. 4, NO. 3, SEPTEMBER 2019

Deep Distributional Reinforcement Learning Based
High-Level Driving Policy Determination

Kyushik Min*, Hayoung Kim ', and Kunsoo Huh, Member, IEEE

https.//ieeexplore.ieee.org/abstract/document/8723635
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Github

22 P2 EL Github®ll G2 E!

= RLUDEZS
- YoE e B
= g e

MLJejuCamp2017 / DRL_based_SelfDrivingCarControl

® unwatch~ 19 W Unstar 200
<» Code Issues 6 Pull requests 0 Projects o Wiki Security Insights Settings

Deep Reinforcement Learning (DQN) based Self Driving Car Control with Vehicle Simulator

deep-reinforcement-leaming dr vehicle-simulator dgn zelf-driving-car Manage topics

https://github.com/MLJejuCamp2017/DRL_based_SelfDrivingCarControl

91

% Fork

63

Edit
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= Multi-Agent Traffic Control Environment
= ST B2 AN Hire Ad 22 AT 3 e Rl A3 s
= AP HT R U AN U 15 250 S8 2 S
|

s ST AT AT AR MY AIDE SUH 4

= Godal
o O 2] AFEFZS A A Al
» EN AR EHH AT 22 | EAF = A
= ANHU AR S Tas AR
=> Multi-Agent Reinforcement Learning
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= Zombie Defense & ™
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= Simulator
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m Result

Multi-Agent Deep Reinforcement Learning for
Cooperative Driving in Crowded Traffic Scenarios

Jongwon Park Kyushik Min Kunsoo Huh
Hanyang University Hanyang University Hanyang University
Seoul, Republic of Korea Seoul, Republic of Korea Seoul, Republic of Korea
piw2091 @hanyang.ac.kr mks0813 @hanyang.ac.kr khuh2@hanyang.ac.kr

https://ieeexplore.ieee.org/abstract/document/8986374
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Conclusion

= Unity ML-Agents& ArL&3fF Irxbers 2 W A Af

e SUEE AT 2AE T AN
SUE EHHI Python B Tr2 LA U E4
Crefet Z~F 2 Ir3Eterg & MZF Al (Multi-Agent, Curriculum, Self-play, Sparse-reward, )
ABE WIg UnESE B IIHE HE T > HaE P IHES WA B Us T
=3 ML-Agents cloud, DOTS -2 Nvidia PhysX &-& & CfeF#f AMB[A AL gl o] |27 AR

= ML-Agents& ° L% B faf o1 430

= Hite 2T e S T W AIEEC I B AN b
= ML-Agents& °|&%t TrEters ¢ 0l A= HEZ

o o O o
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